I. Introduction
It is well-known that the Catalan numbers C, = 1/(n + 1) (27) enumerate the Dyck paths of length 2n. These are the paths from (0,0) to (n,n) in the plane having steps (1,0) and (0,1) and lying on or above the main diagonal. By rotating and scaling, instead we can, and shall, consider the paths from (0,0) to (2n,0) with steps (1,1) and (1,-1 ) which lie on or above the x-axis. We say a Dyck path is strict if its only points on the x-axis are its endpoints. Given a Dyck path one can define its area as the area of the region enclosed by it and the x-axis. The following results are known: Theorem 1 (Merlini et al. [3] ). The sum of the areas of the Dyck paths of length 2n is 4n 1 (2n+2) -2\n+l " Corollary 1 (Shapiro et al. [4] ). The sum of the areas of the strict Dyck paths of length 2n is 4 n-1.
Effectively these results give information about the mean distance of vertices on Dyck paths from the x-axis averaged out over all Dyck paths or strict Dyck paths of a given length. One might ask for more information about the distribution of these distances. Here we consider the moments of these distances, again averaged over all Dyck paths or strict Dyck paths of a given length.
There are other related results in the literature. Goulden and Jackson ([2] example 5.2.12) given a generating function for Dyck paths with a fixed area. Also Shapiro et al. [5] give moment formulas for generalized Catalan numbers Bn,k =(k/n) (n+k ) .2n
Deutsch [1] gives generating functions for many statistics of Dyck paths, from which moment formulae can be deduced, but his examples concentrate on enumerating corn-binatorial features of Dyck paths such as peaks and valleys, whereas here we look at numerically defined statistics.
Dyck paths
Each Dyck paths has vertices (0, a0), ( 1, a l ), (2, a2 Our aim is to consider the distribution of the ays as a runs through either ~ or .q,. To this end consider a real-valued function ~p defined on the non-negative integers. For We wish to calculate these sums for more general functions cp. Of particular interest are the moments of the Dyck paths; these are the above sums with cp(x)=x r for positive -~ (respectively, Aft) as integers r. Given n we can define a random variable .4-A n follows; set A = aj where j is selected from {0, 1 ..... 2n} with equal probability and a is independently selected from ~ (respectively, ~,) with equal probability. The moments of these random variables are related simply to those of the Dyck paths, and so the mean and variance of .4,~ and .4~ can be calculated.
We introduce generating functions. Let 
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